A balance between cell proliferation and cell loss is essential for tumor progression. Although up to 90% of cells are lost in latestage carcinomas, the progression and characteristics of remnant living cells in tumor mass are unclear. Here we used molecular imaging to track the progression of living cells in a syngeneic tumor model, and ex vivo investigated the properties of this population at late-stage tumor. The piggyBac transposon system was used to stably introduce the dual reporter genes, including monomeric red fluorescent protein (mRFP) and herpes simplex virus type-1 thymidine kinase (HSV1-tk) genes for fluorescencebased and radionuclide-based imaging of tumor growth in small animals, respectively. Iodine-123-labeled 5-iodo-2 0 -fluoro-1-beta-D-arabinofuranosyluracil was used as a radiotracer for HSV1-tk gene expression in tumors. The fluorescence-and radionuclide-based imaging using the single-photon emission computed tomography/computed tomography revealed that the number of living cells reached the maximum at 1 week after implantation of 4T1 tumors, and gradually decreased and clustered near the side of the body until 4 weeks accompanied by enlargement of tumor mass. The remnant living cells at late-stage tumor were isolated and investigated ex vivo. The results showed that these living cells could form mammospheres and express cancer stem cell (CSC)-related biomarkers, including octamer-binding transcription factor 4, SRY (sex-determining region Y)-box 2, and CD133 genes compared with those cultured in vitro. Furthermore, this HSV1-tk-expressing CSC-like population was sensitive to ganciclovir applied for the suicide therapy. Taken together, the current data suggested that cells escaping from cell loss in latestage tumors exhibit CSC-like characteristics, and HSV1-tk may be considered a theranostic agent for targeting this population in vivo.
tomography (PET) or single-photon emission computed tomography (SPECT), depending on the types of radionuclide-labeled substrates. For instance, iodine-123-labeled 5-iodo-2 0 -fluoro-1-beta-D-arabinofuranosyluracil ( 123 I-FIAU) is the most reliable radiolabeled nucleoside analogues for SPECT imaging of HSV1-tk gene expression because it exhibits high tumor/background ratio in vivo. 7, 8 As described above, the sensitivity and specificity of 123 I-FIAU on cancer detection is based on the expression of HSV1-tk reporter gene in the transduced cancer cells. These cancer cells can be distinguished from the non-cancer cells without HSV1-tk genes using the radionuclide imaging modality. Technically, cultured cancer cells are stably transduced with HSV1-tk genes and implanted into animals for tumor formation. Using SPECT imaging, this cancer population can be distinguished from non-cancer portion in vivo by injecting 123 I-FIAU as a radiotracer that are only accumulated in HSV1-tk gene expressing cancer cells. 7 Multimodality reporter-gene imaging using coexpressed luciferase/fluorescent proteins and HSV1-tk has been reported to be a powerful tool for basic biological and preclinical research. 9, 10 In addition, PET and SPECT can be merged with computed tomography (CT) to obtain functional/anatomic imaging with high sensitivity and spatial resolution.
Although reporter-gene imaging is widely used for functional studies in vivo, concerns regarding the safety and transduction pathways of exogenous genes hamper the clinical application of this approach. Viral-mediated methods are commonly used for the transduction of reporter genes, but the uncontrolled infection and random genomic integration of genes of interest currently limit the clinical application of these methods. 11 In contrast, nonviral gene delivery is more acceptable in the clinic because biocompatible materials can be used, and the safety of these approaches is relatively easily assessed by pharmacokinetic and pharmacodynamic studies. 12 The piggyBac transposon system has recently attracted a great deal of attention because the system is a nonviral gene-delivery approach that uses DNA-transposition ability for the stable expression of exogenous genes via a 'cutand-paste' mechanism. 13 The beauty of this system includes its known integration sites at 'TTAA' sequences and intronpreferred positions, mammalian compatibility, large cargo capacity, and its ability to be removed from the integration site without changing the DNA sequence. 14 In practice, this system requires a helper plasmid that encodes the piggyBac transposase gene to facilitate the transposition of exogenous gene. 15 The piggyBac transposon system has been applied in induced pluripotent stem cells, cancer research, and immunotherapy. 16, 17 However, the use of this system has been less frequently reported in multimodality reporter-gene imaging of tumor progression.
Cancer stem cells (CSCs, or tumor-initiating cells) belong to the hierarchy model that a subset of rare cell population inherits stem cell-like characteristics, including self-renewal and generation of non-tumorigenic progeny. 18 This theory has intrigued many researchers in recent years because CSCs are resistant to chemoradiotherapy and are likely to be the cause of tumor recurrence and metastasis. 19 However, the identification of CSCs in vivo remains a challenge because of the lack of suitable markers for this purpose. If CSCs naturally resist environmental stresses, it would be speculated that this population may also escape from cell loss during tumor progression. More evidence is required to support this hypothesis.
The percentage of cell loss during tumor progression is approximately 40-90%, depending on the cancer type. 1 The remnant viable cells may be important for promoting tumor growth and metastasis. Reporter-gene imaging should be ideal to track these living cells for further investigation of their characteristics. In this study, we established a syngeneic tumor model derived from 4T1 murine breast carcinomas transduced with monomeric red fluorescent protein (mRFP)/ HSV1-tk dual reporter genes using the piggyBac transposon system. A combination of optical imaging and SPECT/CT fusion imaging using 123 I-FIAU as a probe was exploited to track the remnant living cells in late-stage primary tumors. Furthermore, ex vivo studies showed that the surviving cells exhibited CSC-like characteristics. These findings may contribute to therapeutic designs for cancer treatment.
Results
Establishment of the transgenic tumor cells with imaginable dual reporter genes using the piggyBac transposon system. In this study, the piggyBac transposon system was used to establish stable cancer cell lines harboring mRFP and HSV1-tk reporter genes that were driven by different promoters (Supplementary Figure 1A) . The Act4-PBase helper plasmid and PB-2 R-puro donor plasmid were cotransfected in human 293 T cells, H1299 cells, MDA-MB-231 cells, and mouse 4T1 cells. The expression of reporter genes was sustained in each cell type for longer than 2 weeks, but cells transfected with donor plasmid only lost reporter-gene expression in 4 days (Supplementary Figures 1B and C) . To enrich pure stable cells for in vivo imaging, we sorted the piggyBac-transfected cells expressing mRFP by fluorescence-activated cell sorting (FACS). Here we focused on 4T1 cells because a syngeneic tumor model was subsequently established. Two days after transfection, 0.7-0.9% of mRFP-expressing 4T1 cells could be sorted (Supplementary Figure 2) . The expression of reporter genes was sustained in 4T1 cells cotransfected with both plasmids (named 4T1-PB-2R/PBase cells) for up to 60 days without puromycin selection, but it was diminished in 4T1 cells transfected with PB-2 R-puro only (named 4T1-PB-2 R cells) after 7 days of culture ( Figure 1a) . The transposition assay was also used to confirm the requirement for the Act-PBase helper plasmid in the stabilization of reporter genes in 4T1 cells by puromycin selection (Supplementary Figure 3) . The sustained expression of HSV1-tk in 4T1-PB-2R/PBase cells was determined using the western blot assay (Figure 1b) . HSV1-tk remained functional as determined by a cell-uptake assay using 3 H-FIAU (Figure 1c) . Furthermore, 4T1-PB-2R/PBase cells, but not 4T1-PB-2R cells, were sensitive to ganciclovir (GCV), which is a prodrug phosphorylated and activated by HSV1-tk to cause cell death (Supplementary Figure 4) . Moreover, the fluorescence in situ hybridization (FISH) assays showed that the long-term expression of reporter genes was associated with the chromosomal integration of reporter genes in the genomes of 4T1-PB-2R/PBase cells (Figure 1d) . This observation was also demonstrated using the genomic PCR (Figure 1e ). This 4T1-PB-2R/PBase cancer cell lines were subsequently used for fluorescence-and radionuclidebased imaging in vivo.
Imaging of tumor formation in the syngeneic tumor model. To establish the syngeneic tumor model, 4T1-PB-2R/PBase and 4T1-PB-2R tumor cells were subcutaneously implanted into BALB/c mice followed by imaging the mRFP expression. The growth rates of tumors formed by these two transduced cell types and the untransduced parental 4T1 cells were similar, indicating that genomic integration of reporter genes did not affect cell proliferation (Figure 2a) . Although both transduced cell types formed tumors in vivo within 7 days, the fluorescent signal was only detected in tumors formed by 4T1-PB-2R/PBase cells, but not by 4T1-PB-2R cells, within a cell number-dependent manner (Figure 2b ). The results of tumorous images formed by 4T1-PB-2R/PBase cells were quantified and compared among different cell amount after 1 day and 7 days of subcutaneous (s.c.) implantation (Figure 2c) . Furthermore, the histological investigation was used to demonstrate the coexpression of mRFP and HSV1-tk genes in this syngeneic tumor model (Supplementary Figure 5) . Remnant living tumor cells exhibit CSC-like characteristics through ex vivo examination. Cell lost from rapidly growing tumors is caused by intrinsic and extrinsic stresses. It is speculated that cells escaping from these stresses may perform particular abilities to survive and promote the tumor progression. Here we investigated whether the remnant living cells in the late-stage tumors exhibited the characteristics of CSCs, which are supposed to be resistant to environmental stresses for tumor viability. Based on the results of the multimodality reporter-gene imaging described above, the ex vivo experiments were performed to isolate the remnant living 4T1-PB-2R/PBase cells from late-stage tumors formed in separate mice. First, the sphere-formation assay showed that mRFP-expressing mammospheres were formed in in vivo tumor-isolated 4T1-PB-2R/PBase cells, but not in parental and original transduced 4T1 cells after seeding (Figure 4a ). The number of mammospheres from ex vivo 4T1-PB-2R/PBase cells was greater than that of parental 4T1 cells after 4 days of initial seeding (Figure 4b ). These observations suggest that remnant living cells in latestage tumors exhibit increased sphere-forming capacity, which is one of the CSC characteristics.
Two general CSC biomarkers, octamer-binding transcription factor 4 (Oct4) and SRY (sex-determining region Y)-box 2 (Sox2), were subsequently examined using semiquantitative real-time PCR (qPCR). Compared with parental 4T1 cells, ex vivo 4T1-PB-2R/PBase cells exhibited upregulation of Oct4 and Sox2 mRNA (Figures 5a and b) . The transcriptional activity of Oct4 was also increased in ex vivo 4T1-PB-2R/ PBase cells in an Oct4 promoter assay (Figure 5c ). Furthermore, the protein levels of Oct4, Sox2 and another CSCassociated biomarkers CD133 were upregulated in ex vivo 4T1-PB-2R/PBase cells isolated from late-stage tumors formed in different mice (Figure 5d) . No significant change of these biomarkers in original 4T1-PB-2R/PBase cells with routine subculture before in vivo implantation. Taken together, the remnant living cells escaping from cell loss in late-stage tumors display CSC-like characteristics, at least in part.
HSV1-tk-expressing remnant living tumor cells with CSC-like characteristics are sensitive to GCV. The expression of HSV1-tk was also preserved in remnant 4T1-PB-2R/PBase living cells isolated from the late-stage tumor (Figure 6a ). HSV1-tk is the first identified suicide gene that is considered safe for gene therapy in transduced cancer cells after exposed to GCV. 20 Given the remnant 4T1-PB-2R/ PBase living cells isolated from the late-stage tumor in vivo exhibited CSC-like characteristics, we examined whether they remained sensitive to GCV. We first examined the sphere-formation capacity and side population percentage of original 4T1-PB-2R/PBase cells before and after GCV to determine whether CSCs would be enriched by this treatment. The results showed that both CSC-related characteristics were not increased in GCV-treated 4T1-PB-2R/PBase cells, suggesting that this method would not increase CSC population in vitro (Supplementary Figure 9) . Subsequently, the 3-(4,5-dimethylthiazol-2-yl)-2,5diphenylterazoliumbromide (MTT) assay showed that the cell viability was greatly reduced in the isolated remnant 4T1-PB-2R/PBase living cells with CSC-like properties after they were exposed to different concentrations of GCV (Figure 6b) . Thus, HSV1-tk is not only important for reporter-gene imaging of CSC-like living cells in tumors but also a potent therapeutic agent in this cell population.
Discussion
The current data demonstrate that tumor cells escaping from cell loss and surviving in the late-stage tumors contain CSClike characteristics. Conventionally, CSCs are believed to emerge after the chemo-and radiotherapy because of the generation of resistance. Nevertheless, we found that cells would spontaneously express CSC-like characteristics when they were not lost in the late-stage tumor. The reporter-gene imaging based on the optical and microSPECT/CT modalities is essential for tracking the spatial and temporal characteristics of these remnant living cells in vivo. It would be of interest to further investigate if the stress of cell-loss factor can promote the generation of CSC-like population during tumor progression in vivo.
CSCs have been reported to be a rare population that is related to the recurrence and metastasis of advanced tumors. 21 For experimental purposes, putative CSCs can be isolated from cultured cell lines using sphere formation and FACS based on Hoechst 33342 dye exclusion or fluorescein-conjugated antibodies against the expression of stem cell markers. 22 However, several lines of evidence have argued that cells selected using these in vitro methods exhibit negative or even opposite tumorigenic properties from those predicted by the CSC hypothesis. [23] [24] [25] In addition, the currently available markers for in vitro CSC selection are not very suitable for in vivo application. 26 The lack of in vivo evidence of CSCs would impede the clinical application of this theory. Based on our ex vivo experimental results, cells survived in late-stage tumor would exhibit CSC-like characteristics. Therefore, it suggests that remnant living cells in advanced tumor are the CSCs per se. The reporter-gene imaging is likely the most appropriate approach to tracking these living tumor cells in vivo, at least in the preclinical study. The reporter-gene imaging is based on the principle of molecular biology to track living cells in vivo. This approach is also appropriate for in vivo imaging of CSCs. 27 For instance, Vlashi et al. 26 have established a short half-life version of the fluorescent ZsGreen reporter gene and demonstrated that CSCs contain reduced 26S proteasomal activity. They showed that a local fractionated irradiation of tumor in vivo steadily increased the ZsGreen-positive cells with CSC characteristics. In our study, we used constitutively expressed mRFP and HSV1-tk reporter genes to track the remnant living cells in advanced tumor. Interestingly, after transfection of a short half-life version of green fluorescent protein (d2GFP) into these remnant living cells, they also expressed sustained fluorescent signals compared with parental cells using the fluorescence microscopy (data not shown). Therefore, use of reporter-gene imaging to track the remnant living cells in advanced tumor is likely a direct approach to find CSCs in vivo.
The fluorescence imaging has been claimed to be ideal for in vivo detection of the rare cell population in tumors. 28 Additionally, the radionuclide-based imaging is essential for tracking functional cells in deep tissues using the 3-D reconstruction. Indeed, mutant HSV1-tk has been combined with firefly luciferase for imaging the differentiation of mesenchymal stem cells using PET and bioluminescence dual imaging modalities. 9 Here we provide a proof-of-concept that a similar dual reporter-gene imaging using mRFP and HSV1-tk can also track CSC-like viable cells in late-stage tumors using the syngeneic tumor model. These two reporter genes are driven by separate promoters. This is important for tracking functional cells in vivo using the multimodality imaging because reduction of both imaging signals in tumors should be due to cell loss but not inactivation of one of the reporter genes. The current findings would encourage us to apply this approach to track the remnant living cells with CSClike characteristics using the xenograft tumor model in the future.
The syngeneic tumor model is ideal for exploring the tumor growth and metastasis in the context of a normal immune system. This model is also especially particularly important for the study of the growth niche for CSC progression. 29 Bioluminescent reporter-gene imaging based on luciferase expression has been reported to track the growth and metastasis of the 4T1 tumor model of late-stage breast cancer. 30 Our 4T1-PB-2R/PBase tumor model contains a HSV1-tk reporter gene that can obtain better spatial resolution with 3-D images for detecting tumor growth and potent metastasis using the microSPECT/CT. According to the ex vivo investigation of mRFP expression, we were able to identify the 4T1-PB-2R/PBase cells that existed not only in the primary site but also in the liver in late-stage tumor using the fluorescence microscope. Therefore, a multimodality-based reporter-gene system should be essential for investigating the behaviors of living tumor cells in a syngeneic tumor model in vivo and ex vivo.
The theory of tumor kinetics was proposed approximately half a century ago. 1, 31 The cell-loss factor accounts for the fact that the measurable tumor growth rate is much slower than the prediction from the cell-cycle time of each individual cell and GF. In general, the cell-loss factor tends to be larger (up to 90%) in carcinomas that usually exhibit apoptosis during progression. 2 The remnant living cells in this tumor type are essential for determining the efficacy of chemotherapy and radiotherapy because tumors with a high level of cell-loss factor respond quickly to these treatments. Characterization of these living cells should be important for the design of therapeutic strategies. Because the current data suggest that these remnant living cells contain CSC-like characteristics, it would be possible to precisely track these population using CSC-specific probe to identify their position and quantity in the future.
CSCs have been reported to be a rare population that is related to the recurrence and metastasis of advanced tumors. 21 For experimental purposes, putative CSCs can be isolated from cultured cell lines using sphere formation and FACS based on Hoechst 33342 dye exclusion or fluoresceinconjugated antibodies against the expression of stem cell markers. 22 However, several lines of evidence have argued that cells selected using these in vitro methods exhibit negative or even opposite tumorigenic properties from those predicted by the CSC hypothesis. [23] [24] [25] In addition, the currently available markers for in vitro CSC selection are not very suitable for in vivo application. 26 The lack of in vivo evidence of CSCs would impede the clinical application of this theory. Based on our ex vivo experimental results, cells survived in late-stage tumor would exhibit CSC-like characteristics. Therefore, it suggests that remnant living cells in advanced tumor are the CSCs per se. The reportergene imaging is likely the most appropriate approach to track these living tumor cells in vivo, at least in the preclinical study.
Although CSCs have been regarded as potent targets for cancer therapy, these cells usually exhibit resistance to chemotherapy and radiotherapy. As a reporter gene, we showed that the HSV1-tk expressed in the CSC-like population from 4T1 cells was susceptible to GCV, suggesting that HSV1-tk-based suicide gene therapy may be effective in CSCs. These results are consistent with a previous report showing that lentiviral vector-mediated HSV1-tk gene therapy can cause remission of cancer stem-like glioblastoma xenografts. 32 Therefore, further investigation of whether the HSV1-tk gene can be used as a theranostic agent for targeting CSCs would be of interest.
In summary, we utilized reporter-gene imaging for in vivo detection of living cells during tumor progression using the 4T1 syngeneic tumor model. For late-stage tumors, the remnant living cells exhibit CSC-like characteristics, which may explain, at least in part, the tumor metastasis and chemoradiotherapeutic resistance that may cause the recurrence. Because clinically detected human cancers have usually reached mid to late stages, the hypothesis that remnant living cells contain CSC-like characteristics will provide important information for the design of novel therapeutic strategies for cancer treatment.
Materials and Methods
Cell lines, plasmid and stable transfection. Human embryonic kidney 293T cells (provided by National RNAi Core Facility, Academia Sinica, Taipei, Taiwan, originated from American Type Culture Collection (ATCC no. CRL-11268)), human non-small lung cancer H1299 cells, 33 and human breast cancer MDA-MB-231 cells (a kind gift from Dr. Jeng-Jong Hwang at National Yang-Ming University, originated from ATCC no. HTB-26) were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamate, 50 U/ml penicillin and 50 mg/ml streptomycin (Invitrogen Inc., Carlsbad, CA, USA). The cell lines were maintained at 37 1C in a humidified incubator containing 5% CO 2 and were routinely passaged every 2 days. 4T1 murine breast carcinomas (a kind gift from Dr. Yueh-Hsing Ou at National YangMing University, originated from ATCC no. CRL-2539), 4T1-PB-2R cells, and 4T1-PB-2R/PBase cells were cultured in RPMI1640 medium supplemented with 10% (v/v) FBS, 100 U/ml of penicillin, and 100 mg/ml streptomycin. 4T1 breast carcinomas were isolated from the mammary tumor of BALB/c mouse according to the product description of ATCC.
The PiggyBac transposon system including the PB-tk-mRFP reporter plasmids and Act-PBase helper plasmid were kindly provided by Dr. Congjian Xu (Fudan University, People's Republic of China). 34 PB-tk-mRFP was further modified by inserting a puromycin-resistance cassette into the BglII and BamHI sites to obtain a new construct named PB-2R-puro. For cotransfection, PB-2R-puro was mixed with Act-PBase at the optimal ratio and transfected into cells using jetPEI transfection reagent (Polyplus-Transfection Inc., New York, NY, USA). Transfected cells were sorted using a BD FACSCalibur system (BD, Franklin Lakes, NJ, USA) equipped with an air-cooled argon laser excited at 488 nm. The cells were expanded and maintained in normal medium for further experiments.
Western blot analysis. The procedure of western blot analysis was performed as described previously. 33 Anti-HSV1-tk (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA), anti-Oct4, anti-Sox2 (Abcam, Cambridge, MA, USA), and anti-CD133 (Cell Signaling Technology, Danvers, MA, USA) antibodies were used according to the conducted experiments.
Measurement of HSV1-tk activity in vitro. The activity of HSV1-tk was determined by a cell-uptake assay and MTT assay. For the cell-uptake assay, Fluorescence in situ hybridization. The FISH analysis was performed according to previous reports. 35 The PB-2R-puro plasmid was labeled with biotin-16-dUTP using the nick translation (BioNick kit; Invitrogen Inc.). The fluoresceinconjugated avidin was used to detect biotin-16-dUTP-labeled PB-2R-puro hybridizing to the chromosomes.
Genomic PCR. The genomic DNA was extracted using DNAzol (Invitrogen Inc.). The forward and reverse primers for amplifying the mRFP sequence were 5 0 -CCATGGGCTGGGAGGCCTCC-3 0 and 5 0 -TTAACCCTAGAAAGATAGTCTG-3 0 , respectively. The PCR protocol was followed by the manufacturer's instruction.
Mice and syngeneic tumor model. Tumor imaging. For the fluorescence imaging, an IVIS 50 system (Xenogen Inc., Alamda, CA, USA) was used to image the expression of mRFP in the tumors formed by 4T1-PB-2 R/PBase and 4T1-PB-2R cells. Mice were anesthetized using 2% isoflurane during the imaging process. The ROIs were acquired based on the signals emitted from the tumor positions and semiquantified as photons per second. Data quantification was analyzed using the IGOR-PRO Living Imaging Software (WaveMetrics, Inc., Lake Oswego, OR, USA). MicroSPECT/CT tumor imaging was based on a FLEX Triumph preclinical imaging system (Gamma Medica-Ideas, Inc., Northridge, CA, USA) as previously described. 36 The Lugol's solution (potassium iodide tablets) were given 1 h prior to i.v. injection of 123 I-FIAU (16 mCi/kg). Six hours later, the mice were anesthetized using 2% isoflurane mixed with oxygen and scanned by CT using 512 slides for anatomic coregistration. Subsequently, a static SPECT sequence involving eight frames was conducted. Thirty-two projections (50 s) were acquired over 1801, which formed a 60 Â 60 matrix for a total imaging time of 30 min per frame. The tumor images were viewed, reconstructed for 3-D images, and quantified using a free Amide software (SourceForge, Geeknet Inc., Fairfax, VA, USA). 37 Sphere-formation assay. Five-thousand cells were seeded in a 10-cm noncoated plate. The conditional medium contained serum-free DMEM/F12, 10 ng/ml of epithelial growth factor, 10 ng/ml of basic fibroblast growth factor, 10 ng/ml of insulin, and 5 ml of N2 (Gibco Inc., Grand Island, NY, USA). Formed spheres were visualized under a bright-field microscope.
Real-time PCR analysis. Total RNA was extracted using TRIzol reagent (Invitrogen Inc.) and was purified using Direct-zol RNA miniprep kit (Zymo Research Corporation, Irvine, CA, USA) to remove genomic DNA contamination according to the manufacturer's instruction. An amount of 1 mg of purified total RNA was subjected to cDNA synthesis using SuperScript II reverse transcriptase (Invitrogen Inc.). For qPCR analysis of Oct4 gene expression, the forward primer was 5 0 -TTGGGCTAGAGAAGGATGTGGTT-3 0 , and the reverse primer was 5 0 -GGAAAAGGGACTGAGTAGAGTGTGG-3 0 . For Sox2 gene, the forward primer was 5 0 -GCACATGAACGGCTGGAGCAACG-3 0 , and the reverse primer was 5 0 -TGCTGCGAGTAGGACATGCTGTAGG-3 0 . 38 For human/mouse b-actin gene, forward primer was 5 0 -GGAAATCGTGCGTGACATTAAG-3 0 , and the reverse primer was 5 0 -GGCCATCTCTTGCTCGAAGT-3 0 . The experiments were conducted using the Master SYBR Green reagent mixed with cDNA templates and corresponding primers, and the reactions were performed in a StepOnePlus machine (Applied Biosystems Inc., Carlsbad, CA, USA). The quantification of mRNA level and the melting curve analysis were completed by the bundled software (StepOne software version. 2.1, Applied Biosystems Inc.).
Oct4 promoter assay. The PGL4.2-Oct4 luciferase reporter-gene construct containing the human Pou5f (Oct4) gene promoter was a gift from Dr. Mu-Hwa Yang at National Yang-Ming University. This construct was transfected into cells for 48 h using jetPEI (Polyplus-Transfection Inc.) according to the manufacturer's instructions. The transfected cells were lysed and subjected to the luciferase assay using 50 mM of D-luciferin. The illuminant intensity was measured using the Wallac Victor 2 Multi-label Counter (Perkin Elmer). Each datum was normalized to the total protein level.
Statistical analysis. Experiments were independently conducted for the assessment of significant differences between the control and experimental groups, and the results were represented by means±S.D. Significant differences were determined using Student's t-test. Significantly different results were defined as Po0.05.
